Group A streptococci were tested for proteinase production and for the possible relationship of this production to the generation of bacteriocinlike inhibitor activity. Of 126 strains tested, 83% were positive for proteinase, and a similar distribution was found among strains isolated in association with rheumatic fever (89%) and nephritis (94%) and from uncomplicated acute infections (78%). Although application of an inhibitor production (P) typing scheme demonstrated a variety of P types, all of the proteinase-positive strains produced inhibitory activity and over 65% of these strains were P type 204. It was shown that hematin was responsible for this P type 204 activity and that it was produced only by actively proteolytic strains when grown on a hemoglobin-containing medium. Conditions optimizing proteinase production (anaerobic incubation at 37°C on a test medium prepared from Columbia agar base [GIBCO Laboratories, Grand Island, N.Y.]) increased P type 204 activity. Interference with proteinase activity either by growth of the cultures at an alkaline pH or by incorporation of sub-growth inhibitory concentrations of either iodoacetic acid or lincomycin into the medium prevented production of P type 204 activity. Whether significant conversion of hemoglobin to hematin occurs in vivo and the possible implications of this conversion with regard to the pathogenesis of group A streptococcal infections remain to be determined.
Group A streptococci were tested for proteinase production and for the possible relationship of this production to the generation of bacteriocinlike inhibitor activity. Of 126 strains tested, 83% were positive for proteinase, and a similar distribution was found among strains isolated in association with rheumatic fever (89%) and nephritis (94%) and from uncomplicated acute infections (78%). Although application of an inhibitor production (P) typing scheme demonstrated a variety of P types, all of the proteinase-positive strains produced inhibitory activity and over 65% of these strains were P type 204. It was shown that hematin was responsible for this P type 204 activity and that it was produced only by actively proteolytic strains when grown on a hemoglobin-containing medium. Conditions optimizing proteinase production (anaerobic incubation at 37°C on a test medium prepared from Columbia agar base [GIBCO Laboratories, Grand Island, N.Y.]) increased P type 204 activity. Interference with proteinase activity either by growth of the cultures at an alkaline pH or by incorporation of sub-growth inhibitory concentrations of either iodoacetic acid or lincomycin into the medium prevented production of P type 204 activity. Whether significant conversion of hemoglobin to hematin occurs in vivo and the possible implications of this conversion with regard to the pathogenesis of group A streptococcal infections remain to be determined.
Several years ago a fingerprinting scheme for hemolytic streptococci was devised, based in part on the detection of bacteriocinlike inhibitor production by test strains on a blood-containing medium (20) . The pattern of inhibitory activity against a set of nine indicators (I1 to 19 ) is recorded in code form and the code is designated the inhibitorproducing activity (P type) of the strain. In the original report, several pertinent observations were made (20) . For most of the tested strains, blood was required for inhibitor production, and in some cases, human blood was more effective than sheep blood. Columbia blood agar base (Difco Laboratories, Detroit, Mich.) was superior to several other tested commercial products as the basal nutrient medium. Although 95% of group A streptococci were inhibitor positive, 72% of the 350 strains examined were either P type 204 or P type 004. In a subsequent application of the same typing scheme to group G streptococci, there was once again a high incidence of P type 204 and P type 004 strains, and it was demonstrated that these two inhibitory patterns were probably caused by the production of a low pH in the medium caused by the accumulation of acidic metabolites (21) . Conditions promoting acidogenesis (incubation anaerobically or at elevated temperatures or both) led to the inhibition of both indicator 12 and indicator 17 (P type 204), whereas additional buffering of the typing medium with 0.5% (wt/vol) calcium carbonate eliminated all of this inhibitory activity (P type 000).
A modified version of the fingerprinting procedure was devised in which incubation in an anaerobic atmosphere excluded hydrogen peroxide-mediated inhibition (20) and the effect of acid production on the pH of the medium was reduced by incorporation of calcium carbonate (19) . Under the new test conditions, only 29% of 73 M prototype group A streptococci were inhibitor positive, and none of the strains were P type 004 or P type 204 (19) . After this study, we tested Columbia agar base (CAB) (GIBCO Laboratories, Grand Island, N.Y.) as the basal typing medium, under the modified test conditions. An unanticipated finding was that many strains, noninhibitory on the Difco-based typing medium, now produced P type 204 activity, an inhibitory effect which was not attributable to low pH. Since GIBCO CAB appears to be an exceptionally good medium for demonstration of proteinase production by group A streptococci (11), we were led to explore the possibility of a relationship between proteinase production and P type 204 inhibitory activity. The results reported here establish that such an association exists and also indicate that the formation of toxic levels of hematin by the action of streptococcal proteinase on hemoglobin was responsible for the inhibitory effect.
MATERIALS AND METHODS
Bacterial strains. The previously described set of nine indicator strains (11) (12) (13) (14) (15) (16) (17) (18) (19) was used for P typing (20) . The set of 72 representative strains of recognized M types of group A streptococci (Ml through M81) have been described elsewhere (11) , as have 16 strains of the set of rheumatic fever-associated isolates (19) . Two additional rheumatic fever strains (A1568 and A2277; both M type 5) were obtained by courtesy of D. Martin, National Health Institute, Wellington, New Zealand. The 18 nephritis-associated isolates were selected from those used in a previous study (19) , and another 18 strains were from epidemiologically distinct, non-sequelaassociated infections. Group A streptococcus strain B220 (T type 8/25) was provided by S. D. Elliott (Cambridge University) as a reference strain for proteinase production (7) . P typing test. This was carried out essentially as originally described (20) 
Mich.).
Demonstration of streptococcal proteinase activity. Proteinase production was detected by the incubation at 37°C for 24 h of stab inocula of the test bacteria in CAB-skim milk medium, prepared as described elsewhere (11) . Proteinasepositive strains produced an opaque concentric halo of precipitated casein, typically enclosing a central region of clearing which represented more complete digestion of the milk proteins. Proteinase activity in liquid preparations was assayed by using hide powder azure (Sigma) as a substrate (11) . Purified streptococcal proteinase, generously provided by S. D. Elliott (Cambridge University), was used as a control. The production of proteinase activity by streptococcal lawn cultures on various solid media was tested by the hide powder azure method, using as the test fluid the liquor obtained by freezing and thawing the cultures. A solid-phase assay for measurement of proteinase activity using 1251_ labeled hemoglobin (human, type IV; Sigma) as a substrate was performed essentially as described previously (25) . In the present study, 200-[l samples of the enzyme preparations were incubated anaerobically for 6 h at 37°C before the assay of the solubilized label. A colorimetric assay for trypsinlike enzyme activity using N-benzoyl-DL-arginine-2-naphthylamide (BANA) as the substrate was performed essentially as outlined elsewhere (14) .
Assay of inhibitory activity. Inhibitory activity present in cell extracts was detected on GIBCO CAB medium by a well-diffusion method (12) . The samples (100-,ul volume) were added to 7-mm-diameter wells and were allowed to absorb before inoculation of the surface of the medium with a swab that had been charged by dipping into an 18- All P type 204 strains were proteinase positive, whereas none of the inhibitor-negative strains had detectable proteinase activity (Table 1 ). The overall incidence of proteinase production was 83%, with a similar distribution among strains in association with rheumatic fever (89%), nephritis (94%), and non-sequela-associated infections (78%).
The possibility of a direct relationship between streptococcal proteinase production and P type 204 activity was examined. Group A streptococcus strain B220 was used as a prototype of the P type 204 strains and, as such, was tested both for inhibitor production and for proteinase activity on GIBCO CAB plus 0.5% (wt/vol) calcium carbonate medium Since both streptococcal proteinase and hemoglobin seemed to be required for P type 204 production in P typing tests, attempts were made to demonstrate the production of this activity by incubation of hemoglobin in the presence of purified proteinases (Table 3 ). Although streptococcal proteinase generated inhibitory activity against indicator 17, considerably greater activity was produced with use of trypsin. Much of this trypsin-generated activity was eliminated by the addition of trypsin inhibitor immediately before assay of the mixture. Of the various hemoglobin derivatives tested, only hematin had any inhibitory activity. When tested at a concentration of 0.01% (wt/vol), hematin had a spectrum of inhibitory activity identical to that of the trypsin-plus-hemoglobin mixture and similar to that given by proteinase-positive strains when P typed under conditions favorable for proteinase production. At (6) considered that the type of peptone incorporated into the growth medium was a critical factor for proteinase production, and our previous investigations of the role of the individual components of GIBCO CAB medium have also indicated that the peptone component (peptone 140) is of particular importance (11) . In the initial studies of streptococcal proteinase, Elliott (4) demonstrated that proteinase production was optimal at 37°C and that the activity was enhanced greatly under conditions of reduction. The increased production of proteinase by group A streptococci when grown anaerobically has subsequently been reported by Deibel (3) and is further supported by the findings of the present study. Streptococcal proteinase is produced in the form of an inactive precursor. Optimal conditions for this production are found in cultures achieving maximal growth in a slightly acidic environment (5) . No precursor is liberated at a neutral or alkaline pH, and indeed, no proteinase activity was evident in the present study on GIBCO CAB medium buffered with 0.1 M MOPS at pH 7.5. c The prereduced proteinase-hemoglobin solutions were incubated together for 2 h at 37C anaerobically before the assay.
d Preincubated at 37C for 1 h before the assay. ' The trypsin-hemoglobin mixture was preincubated for 1 h at 37C, and trypsin inhibitor was then added before the assay. f 1/10 of the usual concentration. active proteinase occurs readily under reducing conditions such as anaerobic incubation, as was adopted in this study. lodoacetic acid has been shown to be an inhibitor of streptococcal proteinase (4), and by using this agent we were also able to demonstrate interference with production of P type 204 activity. Several of the group A streptococcal extracellular products, including streptolysin 0, streptolysin S, DNase, NADase, and serum opacity factor, are not produced when cultures are grown in the presence of subgrowth inhibitory concentrations of lincosamine antibiotics (9) . Our studies indicated that lincomycin interfered with the production of streptococcal proteinase and also of P type 204 activity. Normal plasma from a variety of species contains substances which function as proteinase inhibitors (23), and this includes some which interfere with streptococcal proteinase (4). This anti-streptococcal proteinase activity has been shown in both the current and previous (4) studies to be eliminated by heating at 70°C for 30 min. Sheep plasma seemed to contain more anti-streptococcal proteinase activity than did human plasma; however, this activity was lost when the plasma was stored for 6 to 8 weeks at 4°C (data not shown). A similar effect of storage on the anti-proteinase activity of rabbit serum was reported by Elliott (4).
Our results indicated that streptococcal proteinase, produced under the conditions of the modified P typing, test, acted on hemoglobin to form inhibitory concentrations of hematin. In several other studies it has been reported that hematin may be inhibitory to the growth of various grampositive bacteria (24, 26) , although details of the mode of action are obscure. Inhibitory activity of this nature has also been shown to be generated by trypsin digestion of laked red cells (24) . More recently it has been shown that the production by Iacteroides melaninogenicus strains of excessive quantities of hematin (as evidenced by the black pigmentation of their colonies on blood agar) may lead to the inhibition of Streptococcus muctans in vitro (22) .
Although streptococcal proteinase has been shown to have greater hydrolytic activity than does trypsin for protein substrates such as casein, it is only about 1% as effective against typical trypsin substrates such as benzoyl arginine amide (15) . Similarly, we have found that although purified streptococcal proteinase can be very effectively assayed on GIBCO CAB medium containing casein as a substrate (11), it is considerably less active than trypsin against either BANA or hemoglobin.
The most sensitive of the indicator strains to hematin was 17. It was possible to detect activity against only this strain when mixtures of hemoglobin plus purified streptococcal proteinase were assayed. By comparison, the assay of trypsin-treated hemoglobin preparations showed activity against 12, 17, and to a lesser extent, 13 and 15. The addition of trypsin inhibitor before the assay of the latter preparations eliminated the inhibitory activity against all of the indicators except 17 . This difference in activity may in part have been caused by continued hydrolysis of hemoglobin in the course of the assay. However, it also appeared that trypsin was able to increase the susceptibility of some indicators to hematin. Trypsin has been shown to increase the permeability of group A streptococci, and it has been suggested that this effect may enable them to imbibe extracellular metabolites with greater facility and perhaps with less discrimination (8) .
Recent studies have indicated that streptococcal proteinase may have a role in the formation of streptolysin S (1) and in the production of P type 777 inhibitory activity by group A streptococci (W. L. Hynes, Ph.D. thesis, University of Otago, Dunedin, 1985) . Also, it has been demonstrated that proteinase precursor may be identical to erythrogenic toxin type B (10) . Streptococcal proteinase, when injected intravenously into animals, can bring about focal necrosis of cardiac muscle, a fitiding which prompted speculation of possible significance in relationship to the pathogenesis of rheumatic heart disease (13). However, in other studies there did not seem to be any relationship between the capacity of group A streptococci to produce proteinase and the various clinical responses to infection by these bacteria (16) . Our results also do not indicate a specific disease association for proteinase-positive group A streptococci. Nevertheless, this does not exclude a role for proteinase in the pathogenesis of acute streptococcal infections. Elsewhere it has been suggested that proteinase production by strains of Streptococcuts sanguis (17) and Streptococcus agalactiae (18) could make some contribution to the virulence of the organisms.
It remains to be determined whether proteirlase-positive group A streptococcus strains are able to form hematin in vivo and if so, whether this might contribute either to the virulence of the bacterium or to the development of sequelae.
